Several classes of antidepressants can induce syndrome of inappropriate antidiuretic hormone hypersecretion (SIADH), thereby causing hyponatremia. Initial symptoms of hyponatremia include neuropsychiatric and gastrointestinal manifestations can mimic depression, especially in elderly people with multiple somatic complaints. Here we present a case of a 68-year-old man with treatment-refractory depression and general anxiety disorder who developed duloxetine-induced hyponatremia. His symptoms of hyponatremia including unsteady gait, dizziness, nausea, general malaise, and poor appetite subsided after discontinuing the offending medication. Our case illustrates that drug-induced SIADH and potential drug-drug interactions should be considered in elderly patients who develop hyponatremia following the initiation of antidepressants.
Introduction
Duloxetine and other serotonin-norepinephrine reuptake inhibitors reportedly induce hyponatremia in 5.7% of patients aged 60 or older [1] . Conversely, agomelatine has not been reported to induce hyponatremia [2, 3] . Furthermore, the interactions of drugs with newer antidepressants are insignificant [4] . Large-scale clinical studies evaluating the incidence of hyponatremia in patients utilizing duloxetine are lacking.
The initial symptoms of hyponatremia are primarily neuropsychiatric and gastrointestinal disturbances such as dizziness, clouding of consciousness, psychomotor retardation, confusion, gait impairment, falls, seizures, and nausea/vomiting/diarrhea [5] . Some of them can mimic depression especially in elderly patients with multiple somatic complaints. Herein, we describe a case of hyponatremia secondary to syndrome of inappropriate antidiuretic hormone hypersecretion (SIADH) associated with initiation of duloxetine and potentially exacerbated by agomelatine.
Case Presentation
A 68-year-old male with a history of treatment-refractory depression, general anxiety disorder, type 2 diabetes mellitus, and benign prostatic hyperplasia presented to our outpatient psychiatric clinic with worsening symptoms of depression including social withdrawal, problems with self-care and inattentiveness. Initially diagnosed with major depressive disorder and general anxiety disorder in 2001, his symptoms initially included depressive mood, anhedonia, psychomotor retardation, hopelessness, and suicidal ideation and were previously well managed with bupropion (150 mg/day) and . Over the course of the patient's hospitalization, his serum sodium level further decreased to 127 mmol/L and his baseline sodium level prior to the initiation of his latest medication regimen was noted to be 137 mmol/L. A hyponatremia workup was subsequently initiated. He was noted to have an effective serum osmolality of 260 mmol/kg (reference range: 285-300 mmol/kg), urine sodium level of 42 mmol/L (reference: variable), and urine osmolality of 557 mmol/kg (reference range: 300-900 mmol/kg). The patient's symptoms were ultimately attributed to duloxetine-induced hyponatremia associated with SIADH. As a consequence, the duloxetine was discontinued and he was initiated on a high-salt diet, leading to resolution of his hyponatremia (serum sodium: 135 mmol/L) and symptoms including unsteady gait, dizziness, nausea, general malaise, and poor appetite within 8 days (Figure 1 ). Due to his history and persistent symptoms of depression, he was started on escitalopram titrated from 5 mg/day to 15 mg/day. Ultimately, he was cross-titrated from the selective serotonin reuptake inhibitor (SSRI) escitalopram to the noradrenergic and specific serotonergic antidepressant mirtazapine given concern for the potential development of hyponatremia again while on a SSRI. After 6 weeks of hospitalization, the patient had less psychomotor retardation, dysphoria, and somatic complaints. With improvement in his depression and resolution of his hyponatremia, he was discharged.
Discussion
Known risk factors for antidepressant-associated hyponatremia are advanced age, female sex, low body weight, low baseline serum sodium, and abnormal potassium level as well as other medical conditions such as heart failure, malignancy, liver disease, adrenal insufficiency, and possibly hypothyroidism [6, 7] . Our patient had several risk factors for hyponatremia including advanced age and low body weight (body mass index: 18.8 kg/m 2 ). Generally, hyponatremia is most likely to develop within 2-4 weeks of initiating antidepressants. Thus, trending serum sodium during this time period in patients with known risk factors for hyponatremia is strongly recommended [8] .
Unlike those with symptoms of severe acute hyponatremia (serum sodium less than 120 mmol/L) including seizures, coma, and respiratory arrest, our patient presented with only mild symptoms. Unsteady gait is the most prevalent symptom of hyponatremia especially in cases of chronic or mild hyponatremia (serum sodium 130-135 mmol/L) [6] . Other common neuropsychiatric symptoms attributed to hyponatremia include confusion, dizziness/clouding of consciousness, and psychomotor retardation. Gastrointestinal symptoms such as nausea, vomiting, and diarrhea are also commonly observed [4] .
Evidence suggests serotonin (5-hydroxytryptamine, 5-HT) and 5-HTergic drugs can induce enhancement of both central 5-HT transmission and antidiuretic hormone (ADH) secretion at the level of the posterior pituitary, resulting in SIADH-associated hyponatremia. Multiple 5-HT receptors (5-HT 2 , 5-HT 4 , and 5-HT 7 receptors) engage in the regulatory pathway, with 5-HT 2 receptors being the predominant group [9] . Additionally, dopamine modulates the activity of ADH secretory cells responding to changes in osmolality and stimulates ADH release from the hypothalamus, predominantly via D 2 receptors [9] . Duloxetine not only inhibits the reuptake of 5-HT and norepinephrine but also increases dopamine, specifically in the prefrontal cortex [10] . Duloxetine can affect multiple neuroendocrine pathways and thereby interfere with ADH secretion.
To objectively evaluate the adverse effect of the drugs administered to our patient, we applied the Naranjo Adverse Drug Reaction Probability Scale (Naranjo Scale) [11] . The score for duloxetine was 4, for agomelatine was 1, for aripiprazole was 0, and for bupropion was −1, suggesting duloxetine and possibly agomelatine were the primary offending medications. Agomelatine is not traditionally associated with hyponatremia but potentially contributed to our patient's SIADH [8, 10] . Agomelatine serves as a melatonin receptor agonist (MT 1 and MT 2 ) and elevates the release of norepinephrine and dopamine due to its 5-HT 2C receptor antagonistic effect [12] . Additionally, agomelatine along with duloxetine is metabolized by enzyme CYP2A1 and coadministration of these drugs could prolong each other's halflife [13] . Consistent with both the pharmacokinetic effect and mechanism of action of agomelatine, it may serve as an aggravating factor for the unexpected adverse effect of duloxetine.
A key component of managing drug-induced SIADH is to stop the offending agent. Other mainstays in treating hyponatremia include fluid restriction, a high-salt diet, and intravenous saline as well as the initiation of vaptan drugs in severe cases.
Conclusion
Hyponatremia is a rare adverse effect of duloxetine; by contrast, agomelatine has not been reported to induce hyponatremia but has a 5-HT 2 receptor antagonistic effect and the potential to prolong the half-life of duloxetine. Therefore, caution should be used when prescribing these drugs together given the potential for drug-drug interactions. Patients with risk factors for hyponatremia who are newly initiated on antidepressants should have their sodium levels closely monitored. Once diagnosed with antidepressant-induced SIADH, the potentially offending medications should be stopped immediately, and the patient should undergo a hyponatremia workup.
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